Six to eight copies of a transgene integrated into mouse chromosome 15 resulting in a new transgene insertional mutant, Footless, presenting with malformations of the limbs, kidney, and soft palate. Homozygotes possess a unique asymmetric pattern of limb truncations. Posterior structures from the autopod and zeugopod of the hindlimbs are missing with left usually more severely affected than right. In contrast, anterior structures are missing from the right forelimbs. The left forelimb is usually normal except for the absence of the distal telephalanges and nails. These structures are absent on all formed digits. In situ hybridization assays examined the expression of Shh, dHand, Msx2, Fgf8, En1, and Lmx1b in mutant limb buds and indicated normal establishment of the anterior/posterior and dorsal/ventral axes of the developing limbs. However, dysmorphology of the apical ectodermal ridge was observed in the mutant limb buds. q
Introduction
Development of the vertebrate limb is dependent upon the coordinate interaction of signals from three axes; the anterior/posterior (A/P), the proximal/distal (P/D), and the dorsal/ventral (D/V). Over the last decade key signaling molecules have been identified which regulate each of these three axes. Pattern across the A/P axis of the limb is dependent on the establishment of anterior/posterior polarity by signals derived from the zone of polarizing activity (ZPA) located in the postaxial mesoderm of the early limb bud. Signals involved in the establishment and activity of the ZPA include the helix-loop-helix transcription factor dHAND and the secreted protein sonic hedgehog (SHH). The role of these genes in A/P patterning has been established based on their ability to induce mirror image duplications of the digit pattern when ectopically expressed in the anterior mesenchyme of a host chick wing bud (Fernandez-Teran et al., 2000; Riddle et al., 1993) .
The apical ectodermal ridge (AER) is a specialized epithelial structure located at the distal apex of the limb bud. Through AER extirpation studies in the chick and the study of mouse mutants that fail to properly form an AER, it is clear that AER formation and maintenance are necessary for continued P/D outgrowth of the developing limb (for review see Martin, 1998) . The AER develops from a population of cells initially located on the ventral surface of the emerging mouse limb bud (Bell et al., 1998; Loomis et al., 1998) . This early population of cells, as well as cells comprising the mature AER, express a variety of genetic markers including Fgf8, Msx2, Bmp4, Bmp7, En1, Cx43, and Cd44. Of the many genes expressed by the AER, members of the fibroblast growth factor gene family have been shown to be key signaling molecules for continued outgrowth of the underlying mesenchyme (Lewandoski et al., 2000; Martin, 1998; Moon and Capecchi, 2000; Sun et al., 2002) . AER signaling also maintains the posterior mesoderm expression of dHand and Shh (Fernandez-Teran et al., 2000; Niswander et al., 1994) .
The establishment of the AER is complex and requires FGF10 expression by the underlying mesenchyme (Min et al., 1998; Ohuchi et al., 1997a; Xu et al., 1998) as well as proper establishment of the dorsal/ventral axis of the limb (Ohuchi et al., 1997b) . Evidence for involvement of the ventral ectoderm is derived from studies of En1. The ventral ectoderm expresses En1 and in its absence the AER fails to form normally resulting in ectopic ventral digits (Loomis et al., 1996 (Loomis et al., , 1998 . Furthermore, the limbs of En1(2 /2 ) fetuses exhibit a bi-dorsal phenotype in which the flexor tendons and ventral surface of the limb acquire dorsal characteristics (Loomis et al., 1996) . In contrast, AER abnormalities are not observed upon disrupting normal expression of the dorsal ectoderm marker Wnt7a. Wnt7a is, however, important for normal limb development since Shh expression is diminished in deficient embryos and the progeny develop forelimbs lacking the postaxial digits 4 and/or 5 (Cygan et al., 1997; Parr and McMahon, 1995) . Furthermore, the absence of either Wnt7a or its downstream effector in the limb bud mesoderm Lmx1b results in the formation of bi-ventral limbs (Chen et al., 1998; Riddle et al., 1995) . Some of the advances in our current understanding of the signals that regulate development of the vertebrate limb have been revealed through the study of mutant mouse lines exhibiting limb phenotypes. A number of mouse lines exhibiting limb malformations have been generated by random integration of transgene constructs into the mouse genome. Those that have been thoroughly characterized include limb deformity (Woychik et al., 1985) , fused toes (vanderHoeven et al., 1994) , legless (McNeish et al., 1988) , sasquatch , and Tg737 (Moyer et al., 1994) . The genomic characterization of these mutant mouse lines has led to the identification of novel genes including Polaris (Murcia et al., 2000) , the Formins (Chan et al., 1995; Woychik et al., 1990) , the Iroquois B cluster (Peters et al., 2002) , Fatso (Peters et al., 1999) , Left right dynein (Supp et al., 1997) , and Sp4 (Supp et al., 1996) as well as defining cis-regulatory regions of known genes like Sonic hedgehog . Gene expression and tissue recombination studies of these mutant limbs have furthered our understanding of epithelial/mesenchymal signaling cascades within the limb critical for normal limb morphogenesis (Bell et al., 1998; Chan et al., 1995; Kuhlman and Niswander, 1997) . Herein, we describe the phenotype of a new transgene insertional mutant, footless ( ftl). This mutant exhibits cleft palate, kidney malformations, and a unique asymmetric pattern of limb malformations that can be attributed to AER dysmorphogenesis.
Results

Origin of the mutant
The footless mutant was identified as a homozygous recessive phenotype observed in a transgene insertional mutagenesis screen. The transgene construct was comprised of the rat H þ K þ -ATPase gene promoter (Newman et al., 1990 ) driving chloramphenicol acetyl-transferase (CAT) gene expression. Southern blot analysis of Ftl mutant DNA indicated that 6-8 copies of the transgene integrated into a single locus (Fig. 1A and data not shown). Homozygous ftl mutant genomic DNA was used to construct a genomic library for the isolation of flanking DNA sequences. Four clones were identified by screening the library with a fragment of the CAT gene. All of the clones contained multiple copies of the transgene and the same transgene genomic junction, J1 (Fig. 1D) . We identified an Eco RI/Spe I fragment flanking the J1 integration site corresponding to one of the flanking Pvu II bands identified in the Southern analysis of ftl mutant DNA hybridized with the transgene (Fig. 1B,D) . This fragment was subsequently used for genotyping (Fig. 1E ). Sequence analysis of the clones using the Celera, NCBI, and Ensemble mouse genomic databases all localized the transgene integration site to mouse chromosome 15 band D1. To define the other junction fragment, we PCR amplified upstream genomic fragments and used them for Southern blot screening. As indicated in Fig. 1C and D, one fragment gave a diagnostic band the appropriate size for the other flanker indicated by Pvu II digestion of ftl mutant DNA. Restriction mapping combined with additional Southern analysis using probes within the proposed deleted region confirmed that integration of the transgene resulted in the deletion of , 7 kb of genomic DNA.
Characterization of the phenotype
Ftl heterozygous animals are indistinguishable from wild-type (wt) animals through weaning. However, while breeding the heterozygous females, it was observed that the animals are only fertile until approximately 4 months of age. To determine if the reduced fertility in these animals was due to a decrease in ovulation, heterozygous females were hormonally challenged and their ability to superovulate evaluated by counting the number of cumulus oocyte complexes (COCs) in the ampullar region of the oviduct. Six, ftl heterozygotes and wild-type, females were hormonally challenged at 8 weeks, 3 months, and 4 months of age. The 8-week-and 3-month-old heterozygous animals responded similarly to their age-matched controls ovulating an average of 18 and 21 COCs, respectively. In contrast, two of the six 4-month-old heterozygous females responded to the hormones and one of these ovulated only five COCs. This dramatic decrease in the ovulation rates of these heterozygous females could be due to a diminished hormonal responsiveness. Additionally, another putative contributing factor to the decrease in ovulation could be ovarian cysts, which were found to be present in the ovaries of some heterozygous females as seen in Fig. 2 . Moreover, in a separate experiment, 24 heterozygous females were bred bi-weekly beginning at 8 weeks of age and by 4 months of age only four of the females had failed to become pregnant. Of these four animals, visual examination of the reproductive tract upon sacrifice revealed the presence of cystic ovaries in three of these.
To analyze the phenotype of animals homozygous for the integrated transgene, heterozygous females were mated with heterozygous males and the fetuses were collected on day 18 of gestation. Two hundred and seventy-three fetuses from 28 litters were genotyped: 67 (wt), 125 (wt/CAT), and 61 (CAT/CAT). A representative litter is shown in Fig. 1E . This normal Mendelian ratio suggests that prenatal lethality of ftl homozygotes does not occur. However, ftl homozygotes are not viable. At c-section on day 18, they exhibit a gasping reflex but fail to breathe and subsequently die within a few hours. Fetuses were examined grossly and then either fixed in Bouin's fixative for subsequent evaluation of the internal viscera or in 95% alcohol for skeletal analysis. All homozygous mutants were found to possess cleft of the soft palate. A low incidence of cleft palate was also observed in heterozygotes (2/125 fetuses) but none was seen in wild-type fetuses (0/67). Of the 17 mutant fetuses examined by Wilson sectioning, four possessed kidney malformations consisting of either the presence of bilateral supernumerary kidneys (1) or the unilateral absence of a kidney (3). The presence of a supernumerary kidney (2/34) or the absence of a kidney (2/34) was also observed in heterozygous fetuses. Of the fourteen wild-type fetuses examined, only one supernumerary kidney was observed. These observations suggest that the FVB/N line may possess a predisposition to the formation of supernumerary kidneys that is potentiated in the presence of the transgene. No other visceral abnormalities were detected.
The malformation for which the mutant is named is a unique limb truncation phenotype. The skeletons of 77 mutant fetuses were examined. The hindlimbs are the most severely affected often with the complete absence of the autopod usually accompanied by loss of either the fibula or fibula and the distal end of the tibia (Table 1) . Notably, this hindlimb malformation pattern is observed more frequently and is usually more severely truncated in the left hindlimb than in the contralateral right hindlimb (Fig. 3 and Table 1 ). The pattern of missing digits and consistent absence of the fibula indicate that the hindlimb malformations arise from the posterior side of the limb.
An asymmetric malformation pattern is also observed in the forelimbs of ftl homozygous mutants. Only one of 77 left forelimbs examined possessed an absence of skeletal elements. In contrast, approximately 50% of the right forelimbs are missing anterior structures including digits 1, 2, or 3 and the radius (Table 1 and Fig. 3 ). Although all digits are usually present on the left forelimb, it is notable that skeletal analysis fails to detect the presence of nails on any of the digits formed (Fig. 3) . The absence of nails was coincident with the loss of all or most of the distal phalanx on all formed digits (Fig. 3I,J) . Histological serial sectioning of Bouin's fixed limbs (data not shown) and whole-mount in situ hybridization assays of day 16 and day 18 fore-and hindlimbs using the nail bed marker Msx2 (Reginelli et al., 1995) confirmed the absence of nails. Msx2 expression is detectable in the nail beds and some of the ventral footpads of day 16 wild-type and heterozygous fetuses (Fig. 3G) . In contrast, no staining other than that of the ventral footpads was evident in ftl homozygous mutant fore-or hindlimbs (Fig. 3H) . The presence of footpads on the ventral limb surface does however indicate that dorsal/ventral identity of the ftl mutant limb is not disrupted. Msx2 expression was also not detected in the distal tips of day 18 mutant limbs suggesting that nail bed formation is not simply delayed in the ftl mutant (data not shown).
Embryonic origin of the limb phenotype
To determine the embryonic origin of the ftl mutant limb phenotype, we performed whole-mount in situ hybridization assays on day 10 -11 control and ftl mutant embryos. During this window of development, the early stages of both forelimb and hindlimb outgrowth occur. Day 10 embryos possess stage 1 -2 hindlimbs (Wanek et al., 1989) . At this stage, the AER has not formed but its precursors are present at the distal/ventral margin of the limb as a broad uniform stripe expressing a variety of markers including Fgf8 (Fig.  4A) , Msx2, and En1. The AER precursor in stage 2 ftl mutant limbs often appears normal along the anterior margin of the hindlimb; however, slight gaps or a lack of uniform thickness (Fig. 4B) can be observed posteriorly. Gaps or irregularities in the AER are also detected in the anterior margin of approximately half of the stage 3/4 right forelimbs (Fig. 4C,G,K) . The posterior margin of the right forelimb appears normal as does the entire AER margin of all left forelimbs examined (Fig. 4B,C ,E -G). Ftl mutants are visually distinguishable from their littermates between late day 10 and early day 11 by the jagged or truncated appearance of the hindlimb margin (Fig. 4E,F,J) . At these later stages, the forelimb and hindlimb abnormalities are more conspicuous presenting as regions completely devoid of Fgf8 and Msx2 expression (Fig. 4E,F,I -K) or regions with dramatically diminished levels of expression (Fig. 4G) . Consistent with the variable loss of skeletal structures observed in the hindlimbs, the AER can be undetectable in the day 11 hindlimb bud ( Fig. 4I) or normally express these markers along the anterior AER margin (Fig. 4F,G) .
In addition to being expressed in the AER, Msx2 is also expressed in the anterior and posterior subjacent mesenchyme (Fig. 4H) . In the ftl mutant hindlimb, an anterior Msx2 domain has been observed in all mutants examined. However, the posterior mesoderm domain is not always detectable (Fig. 4 , compare H black asterisks vs. I,J). Furthermore, in the absence of an AER along the anterior forelimb margin, the anterior mesoderm domain is not detectable (Fig. 4H vs I and K, white asterisks).
Anterior/posterior patterning of the limb is dependent in part on Shh signaling from the ZPA. An examination of the posterior mesoderm markers Shh and dHand revealed that expression of both genes is normally initiated in the Ftl mutant hindlimb on day 10 (Fig. 5A vs. B,C and data not shown). With continued limb outgrowth, variable levels of Shh expression were detected. Notably, expression in the left hindlimb of mutant embryos was usually diminished compared to expression in the right hindlimb of the same embryo (Fig. 5E vs. F ). This variability in the level of Shh expression is consistent with the known dependence of continued Shh expression and the maintenance of polarizing activity by signals from the overlying AER (Niswander et al., 1994; Vogel and Tickle, 1993) . dHand expression was also observed in the posterior mesoderm albeit at a slightly diminished level in day 10.5 ftl mutant hindlimbs (Fig.  5G -I ). This observation is consistent with a requirement of normal Shh signaling for partial maintenance of dHand expression (Charite et al., 2000) .
The dorsal/ventral axis of the limb is initially established by expression of Wnt7a in the dorsal ectoderm and En1 in the ventral ectoderm. A downstream effector of WNT7a signaling is Lmx1b expressed by cells in the dorsal mesoderm (Fig. 5J) . The ftl mutant hindlimb dorsal mesoderm expressed normal levels of Lmx1b. Ectopic Lmx1b expression was also observed in the distal ventral posterior mesoderm (Fig. 5K,L) . These observations are consistent with previous findings that in areas lacking an AER, the dorsal restriction of Lmx1b is not maintained (Bell et al., 1998) . The ftl mutant ventral limb proximal ectoderm expresses En1 normally (Fig. 5M vs. N and O asterisks) . However, En1 expression was not consistently observed in the disto-ventral AER precursor population of cells (Fig. 5M white arrows vs. N and O red arrowheads).
Discussion
Integration of a transgene into mouse chromosome 15 has resulted in the generation of a unique phenotype. The region of integration is devoid of any currently known genes critical for limb morphogenesis suggesting that the disrupted locus may be a novel gene involved in organogenesis of the limb, kidney, and palate. Similarly, a number of other loci have also been found to mediate development of limb and kidney and or the craniofacial region including loci affected by the Tg737 insertional mutation, oligosyndactylism, the legless insertional mutation, dominant hemimelia, luxate, limb deformity, and targeted mutations of the p63, Dlx5, and Dlx 6 genes (Gruneberg, 1963; McNeish et al., 1988; Mills et al., 1999; Moyer et al., 1994; Robledo et al., 2002; Woychik et al., 1985; Yang et al., 1999) . Alternatively, the ftl phenotype may be the result of the transgene disrupting a key regulatory region of a distant gene. The sasquatch mutation is a prime example of this phenomena. Although the transgene responsible for generating sasquatch integrated into intron 5 of the Lmbr1 gene, this intron contains a regulatory element driving posterior mesenchymal expression of the Shh gene , 800 kb away (Lettice et al., 2002) . Whether gene ablation or gene misregulation is causative for the ftl phenotype is under investigation.
The ftl mutant limb phenotype is novel. All mutants possess truncations of the distal anlagen of the hindlimbs which is usually more severe on the left side than on the right side of the fetus. The hindlimb malformations arise from the posterior side of the limb. In contrast, the anterior side of the right forelimb is preferentially affected. The asymmetric loss of structures from the anterior part of the forelimb and the posterior part of the hindlimb has not been described in other characterized mutants. The ftl mutant phenotype suggests A/P patterning may be regulated differently between the limbs. Consistent with this possibility, Hox b8 is expressed by the posterior mesenchyme in the forelimb and is thought to help establish the ZPA; however, it is also expressed in the anterior region of the hindlimb bud and this region does not subsequently possess polarizing activity (Charite et al., 1994) . In the chick, the fore-and hindlimb bud anterior mesenchyme is differentially responsive to ectopic application of FGF4 (Wada and Nohno, 2001) . Furthermore, human embryos exposed to cyclophosphamide develop missing anterior forearm structures and posterior foot structures (Enns et al., 1999) .
The consistent manifestation of hindlimb malformations observed in the ftl mutants combined with variable expressivity of forelimb malformations has previously been observed in a variety of other mutants including legless, luxate, luxoid, dominant hemimelia, p63(2 /2 ), and Dlx 5 and 6(2 /2 ) fetuses, suggesting that although the same signals maybe used, forelimb and hindlimb morphogenesis are differentially regulated (Carter, 1954; McNeish et al., 1988; Gruneberg, 1963; Mills et al., 1999; Robledo et al., 2002; Yang et al., 1999 ). This idea is also supported by the observed phenotype of Msx2-Cre/Fgf8 loxP mice. Although Msx2 is expressed early in the morphogenesis of both limbs, the timing is slightly different resulting in the normal formation of proximal forelimb elements but the absence of the femur in the hindlimbs (Lewandoski et al., 2000) .
Preferential affects on one side of the body versus the other have also been noted. Many teratogens induce forelimb deficiencies in rodent fetuses that have a rightsided predominance (Scott, 1985) . The legless mutation has randomized situs, and interestingly, manifestation of the forelimb deficiencies is correlated with the sidedness of the viscera (Schreiner et al., 1993) . Like ftl, a right-sided predominance of forelimb malformations in combination with a left-sided predominance of hindlimb malformations is also observed in mutations affecting Wnt7a. In contrast, the fore-and hindlimbs of Wnt7a mutants are both affected posteriorly (Gruneberg, 1963; Parr and McMahon, 1995; Parr et al., 1998) . These observations suggest that other signals along the body axis may also influence limb morphogenesis.
Our study of ftl mutant limbs during the early stages of limb outgrowth indicate that patterning of the limb bud is initially normal. The dorsal/ventral markers Lmx1b and En1 are expressed in the appropriate domains except for a slight extension of the distal Lmx1b domain into the posterior ventral margin. Furthermore, the paws that form have D/V differences as evidenced by the presence of foot pads on the ventral surface, as well as, possessing anterior/posterior polarity. The elements lacking in the hindlimb can be attributable to a lack of formation of posterior structures since the anlagen present are distinguishable as the tibia and anterior tarsals (when present). The expression of two markers of the posterior mesoderm, dHand and Shh, confirm that anterior/posterior polarity of the limb bud is properly initiated in the stage 2 mutant hindlimb buds. Msx2 expression within the mesoderm can also be observed in both its anterior and posterior domains. Its lack of detection in some mutants posteriorly in the hindlimb and anteriorly in the forelimb bud is consistent with a dependence of Msx2 expression on the overlying AER (Coelho et al., 1991; Ros et al., 1992) . Thus although the A/P and D/V axes are established normally, the proximal/distal axis regulated by the AER is not. In situ hybridization assays with Fgf8 and Msx2 revealed abnormalities in the posterior margin of the hindlimb AER and anterior abnormalities in the forelimb AER.
The process of AER formation can be grouped into three phases: induction, distal progression, and terminal differentiation. The inductive phase is dependent upon FGF10 produced by the mesoderm and FGFR2b produced by the overlying ectoderm resulting in the expression of genes like Fgf8 in the AER precursor population. Marker gene expression is detected in the emerging limb buds of ftl embryos indicating that induction occurs. In the distal progression phase, the AER precursor population localizes at the distal/ventral margin of the limb. This process is disrupted in the p63(2 /2 ) and legless mutant embryos (Bell et al., 1998; Mills et al., 1999; Yang et al., 1999) . In contrast, terminal differentiation is affected by the Formin IV and En1 mutations. Disruptions in Formin IV prohibit the final constriction of the AER precursors making it visible by scanning electron microscopy and the expression of terminal differentiation markers like Fgf4 (Chan et al., 1995; Kuhlman and Niswander, 1997) , whereas disruption of the En1 locus results in a temporal delay in AER constriction often resulting in the formation of aberrant ridges on the ventral surface of the limb (Loomis et al., 1998) . In contrast to these mutants where malformations are observed across the entire anterior/posterior axis of the forming AER, the AER abnormalities in the ftl limb bud are often asymmetric across this axis. Ftl AER abnormalities are first detectable at stage 2 as slight gaps in the AER precursor margin but at this time we are unable to determine if this is attributable to a regional lack of induction of sufficient AER precursor cells or a premature loss of a small population of cells. Future studies will be aimed at distinguishing between these possibilities. Regardless of the origin, these observations suggest that in addition to general inductive signals like FGF10, there may also be regional signals that mediate the initial phases of AER formation. Consistent with this possibility, studies of the Dac mouse, as well as the Dlx 5 and 6 double null animals, indicate that AER maintenance is dependent on regional cues within either the AER itself or the underlying mesenchyme. Both mutants exhibit a premature loss of the mid-region of the AER resulting in the formation of limbs lacking the central distal elements (Crackower et al., 1998; Robledo et al., 2002) .
Although we have not examined the embryonic origin of the kidney or cleft palate malformations within this manuscript, it is notable that the organogenesis of these structures, like the limb bud, is dependent on epithelialmesenchymal interactions. Future studies will be aimed at defining the locus disrupted in the ftl transgene insertional mutant and determining the role of the encoded protein in mesenchymal-epithelial interactions throughout the embryo.
Experimental procedures
Transgene construct
A 600 bp Apa I/Nco I fragment of the rat H þ K þ -ATPase gene promoter (Newman et al., 1990 ) was ligated to the chloramphenicol acetyltransferase (CAT) gene. Microinjection of this construct resulted in the generation of six transgenic mouse lines. In addition to studies related to the functional analysis of the promoter, the lines were also mated to homozygosity for the transgene. The footless phenotype was noted in homozygous pups from one of these lines. The presence of the CAT transgene was determined by Southern blot or PCR analysis of tail prep DNA. The footless line was maintained on an FVB/N background.
Genotyping
Progeny were initially genotyped by quantitative slot blot analysis of genomic DNA. Blots were hybridized with a 573 bp Bam HI/Nco I fragment of the CAT gene isolated from pBLCAT6. The genotypes of mutants reported in the skeletal analysis and heterozygotes exhibiting cleft palate were all subsequently confirmed by Southern blot analysis of Nco I digested genomic DNA hybridized with a 600 bp Spe I/Eco RI genomic fragment flanking the transgene integration site.
Isolation of a flanking genomic fragment
Footless homozygous mutant DNA was isolated by phenol chloroform extraction and subsequent dialysis as outlined in Maniatis et al. (1982) . A genomic DNA library was generated by partially digesting with Sau3AI and size fractionating by sucrose gradient centrifugation. Fragments ranging in size between 12 -20 kb were pooled and ligated into the Lambda FIXII vector according to the manufacturer's protocol (Stratagene). The plated library was screened with a fragment of the CAT gene resulting in the isolation of four clones that were characterized by restriction fragment analysis and sequencing. A 600 bp flanking Eco RI/Spe I fragment was found to be suitable for genotyping. This fragment was also used to screen a genomic 129S/VJ library resulting in the isolation of additional clones for characterization of the transgene integration site.
Fetal examinations
All animal protocols were approved by the Institutional Animal Care and Use Committee in accordance with NIH guidelines. Male and female heterozygotes were mated and the resulting fetuses collected on day 18 by caesarian section and examined for visible malformations. For skeletal examinations, internal viscera were used for the isolation of genomic DNA for genotyping. Fetuses were fixed in 95% alcohol prior to staining with alizarin red and alcian blue according to Kuczuk and Scott (1984) . For the examination of internal viscera, fetal limbs and tails were removed for genotyping. Fetuses were fixed in Bouin's fixative for at least 3 weeks prior to razor blade sectioning (Wilson, 1965) .
Hormone responsiveness
Eight-week-, 3-and 4-month-old transgenic heterozygous and wild-type females were injected i.p. with 5 IU PMSG (Gestyl) followed 48 h later with 5 IU human CG (Sigma) prior to being mated. Seventeen hours post hCG, cumulus oocyte complexes were collected from the ampulla of the oviduct and counted. Ovaries from non-hormonally stimulated females were also grossly examined.
Whole-mount in situ hybridization
Assays were performed on genotyped embryos and fetuses as previously described (Bell et al., 1998) 
